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[57] ABSTRACT 
Phosphoramidite compounds of the general formula 

R1 0 Baoc [1] 

wherein each of R1 and R2 represents a hydroxyl group 
having a protective group, or the group --OR4, R3 
represents a hydrogen atom, a hydroxyl group having a 
protective group, or the group —OR4, R4represents the 
group 

X represents a secondary amino group, R5 represents an 
allylic residue or a protective group capable of being 
split off by beta-cleavage, and BAOC represents a nucleo 
side base residue in which the amino or imino group is 
protected with an allyloxycarbonyl-type residue, with 
the proviso that only one of R1, R2 and R3 represents the 
group—OR4. The compounds can be produced by re 
acting a nucleoside represented by the general formula 

R2. R3. 

wherein each of R1’ and R2’ represents a hydroxyl 
group which may have a protective group, R3’ 
represents a hydrogen atom, or a hydroxyl group 
which may have a protective group, and BAOC is as 
de?ned, with the proviso that only one of R1’, 
Rg'and R3’ is a hydroiryl group, 

with a phosphoramide compound represented by the 
general formula 

wherein X and R5 are as de?ned, and Y represents a 
secondary amino group or a halogen atom. 

14 Claims, No Drawings 
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PHOSPHORAMIDITE COMPOUNDS AND 
PROCESS FOR PRODUCTION THEREOF 

This application is a continuation of Ser. No. 909,728 
?led Sept. 22, 1986 now abandoned. 
This invention relates to novel nucleoside phos 

phoramidite compounds, and a process for production 
thereof. More speci?cally, this invention relates to 
novel nucleoside phosphoramidite compounds having 
an allylic residue or a protective group capable of being 
split off by beta-cleavage and van allyloxycarbonyl-type 
residue respectively as protective groups for the hy 
droxyl group in the phosphoric acid moiety and the 
amino group in the base moiety, and to a process for 
production thereof. 

Research work has been actively done on the chemi 
cal synthesis of polynucleotides such as DNA (deoxyri 
bonucleic acid) and RNA (ribonucleic acid) which are 
important materials in gene technology recently show 
ing a striking advance. ‘ 

Previously, the diphosphate ester method, the tri 
phosphate method and the phosphite method, for exam 
ple, have been known for the chemical synthesis of 
polynucleotides. In any of these methods, the nucleo 
tide monomer is subjected to condensation reaction 
after protecting the hydroxyl group in the phosphoric 
acid moiety and the amino group in the nucleoside base 
in order to avoid side reactions. ~ 

Recently, a method was developed in which a protec 
tive group capable of being split off by beta-cleavage, 
such as a beta-cyanoethyl group, a beta-halogenoethyl 
group or a beta-nitroethyl group, is used as a protective 
group for the hydroxyl group in place of the methyl 
group which has frequently been used in the prior art 
(see, for example, WO85/O08l6, and Tetrahedron Let 
ters, vol. 24, No. 52, pages 5843-5846). Since the pro 
tective group capable of being split off by beta-cleavage 
can be more easily eliminated than the methyl group, 
this method makes it possible to circumvent the thio 
phenol treatment which is the disadvantage of the prior 
art. When applied to solid-phase synthesis, it has the 
advantage that the hydroxyl group in the phosphoric 
acid moiety can be deprotected at the same time as the 
removal of the carrier by treatment with ammonia. The 
method, however, has the disadvantage that a benzoyl 
group, an isobutyryl group, etc. are used as protective 
groups for the amino group, and in order to remove 
these protective groups, the product should be treated 
with hot aqueous ammonia for long periods of time. 

It has now been found in accordance with this inven 
tion that by using an allylic residue or a protective 
group capable of being split off by beta-cleavage as a 
protective group for the hydroxyl group and an al 
lyloxy-carbonyl~type residue as a protective group for 
the amino group, the protective groups can be elimi 
nated rapidly under mild conditions, and that these 
protective groups are very stable during the polynucle 
otide synthesis reaction. 

Thus, according to this invention, there is provided a 
phosphoramidite compound represented by the follow 
ing general formula 

5 

25 

35 

R1 BAOC 

wherein each of R1 and R2 represents a hydroxyl group 
having a protective group, or the group —OR4, R3 
represents a hydrogen atom, a hydroxyl group having a 
protective group, or the group —OR4, R4represents the 
group 

X represents a secondary amino group, R5 represents an 
allylic residue or a protective group capable of being 
split off by beta-cleavage, and BAOC represents a nucleo 
side base residue in which the amino or imino group is 
protected with an allyloxycarbonyl-type residue, with 
the proviso that only one of R1, R2 and R3 represents the 
group —OR4. 
According to another aspect of this invention, there is 

provided a process for producing the phosphoramidite 
compound of general formula [I] above, which com 
prises reactin9 a nucleoside represented by the general 
formula 

Rl' BAOC in] 

R2, R3. 

wherein each of R1’ and R2’ represents a hydroxyl 
40 group which may have a protective group, R3’ repre 

45 

65 

sents a hydrogen atom, or a hydroxyl group which may 
have a protective group, and B406 is as de?ned, with 
the proviso that only one of R1’, R2’ and R3’ is a hy 
droxyl group, 
with a phosphoramide compound represented by the 
general formula 

[III] 

Ry-O-P V 

Y 

wherein X and R5 are as de?ned, and Y represents a 
secondary amino group or a halogen atom. 
The nucleoside phosphoramidite compound of this 

invention is characterized in that the hydroxyl group in 
the phosphoric acid moiety is protected with an allylic 
residue or a protective group capable of being split off 
by beta-cleavage and the amino or imino group in the 
nucleoside base is protected with an allyloxycarbonyl 
type residue. 

In general formula [I], each of R1 and R2 represents a 
hydroxyl group having a protective group or the group 
—OR4. The protective groups may be any of those 
which are generally used in nucleoside chemistry. spe 
cific examples include trityl, monomethoxytrityl, dime 
thoxytrityl, trimethylsilyl, triethylsilyl, triphenylsilyl, 
t-butyldimethylsilyl, tetrahydropyranyl, 4-methoxyhy 
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drofuranyl, benzoyl, benzyl, tetrahydrofuranyl, me 
thoxymethyl, methoxyethoxymethyl, phenoxymethyl, 
methylthiomethyl and phenylthiomethyl groups. 
R4 is a residue of a phosphine represented by the 

formula 

O-RS 

..._P , 

X 

in which R5 is (1) an allylic residue or (2) a group capa 
ble of being split off by beta-cleavage. 
The allylic residue may be any of allylic groups 

which do not essentially impede the deprotecting reac 
tion. Speci?c examples include allyl, methallyl, crotyl, 
prenyl, geranyl, cinnamyl and p-chlorocinnamyl 
groups. The number of carbon atoms of these protective 
groups is not particularly restricted, but is preferably 
not more than 10. 
The protective group capable of being split off by 

beta-cleavage is represented by the following general 
formula 

A A [IV] 
1 I 

Z'l'i' 
H A 

wherein A represents a hydrogen atom or a lower alkyl 
group such as a methyl or ethyl group, and Z represents 
an electron attracting residue. Speci?c examples of the 
electron attracting residue Z are a cyano group, a nitro 
group, a thiocyano group, fluoro, chloro, bromo, a 
phenylsulfonyl group, a methylsulfonyl group, and a 
phenyl group. The phenyl group may have a substituent 
such as halogen atoms, cyano groups and a nitro group 
at its ortho-position and/or para-position. Of these, the 
protective groups in which Z is a cyano group, espe 
cially a beta-cyanoethyl group, are preferred. 

Speci?c examples of the secondary amino group X 
include dimethylamino, diethylamino, diiso 
propylamino, di-t-butylamino, methylpropylamino, me 
thylhexylamino, methylcyclohexylamino, ethylben 
zylamino, morpholino, thiomorpholino, pyrrolidino, 
piperidino,- 2,6-dimethylpiperidino, piperazino, 
imidazolino and pyrrolino groups. Those having not 
more than 10 carbon atoms are preferred. 
Y represents the same secondary amino group as X, 

or a halogen atom such as chlorine, bromine or iodine. 
The secondary amino group is preferred. 
R3 represents a hydrogen atom, a hydroxyl group 

having a protective group, or the group —OR4. The 
protective group and R4 are the same as described 
above. 
The nucleoside phosphoramidite of this invention is 

used as a monomer for synthesis of polynucleotides, and 
for this purpose, the group —OR4 is introduced into 
only one of R1, R2 and R3. , 

B-"OC is a nucleoside base in which the amino or imino 
group is protected with an allyloxycarbonyl-type resi 
due. Speci?c examples of nucleosides having a nucleo 
side base are deoxyadenosine, deoxyguanosine, deox 
ycytidine, adenosine, guanosine, cytidine and inosine. 
The allyloxycarbonyl-type residue used as a protec 

tive group for the amino group of the base moiety may 
be any known protective group which does not essen 
tially impair the deprotecting reaction. Speci?c exam~ 

IO 

20 

25 

35 

45 

55 
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4 
ples include allyloxycarbonyl, methallyloxycarbonyl, 
crotyloxycarbonyl, prenyloxycarbonyl, cinnamylox 
ycarbonyl, p-chlorocinnamyloxycarbonyl and chloroal 
lyloxycarbonyl groups. . 

The number of carbon atoms of the allyloxy-carbo 
nyl-type residue may be properly selected by consider 
ing the separation of by-products formed by the reac 
tion or the ease of obtaining the starting materials. Usu 
ally, this residue has not more than 12 carbon atoms. 
Only one of R1’, R2‘ and R3’ is a hydroxyl group. If a 

hydroxyl group in R1’, R2’ or R3’ has a protective 
group, the protective group may be the same as those 
described above. 
The nucleoside used in this invention can be easily 

obtained by reacting a non-protected nucleoside with 
an allylating agent such as allyl chloroformate, allyl 
bromoforrnate or allyl (l-benzotriazoyl)carbonate in the 
presence of a base such as triethylamine or n-butylli 
thium in a solvent such as tetrahydrofuran or hexame 
thylphosphoric triamide. 
The phosphoramide compound may, for example, be 

produced by the following method although it differs 
depending upon the type of R5 For example, when R5 is 
an allylic residue, the phosphoramide compound can be 
easily obtained by reacting a hydroxydihalogenophos 
phine such as hydroxydichlorophosphine with an al 
lylating agent typi?ed by allyl bromide to form an al 
lyloxydihalogenophosphine, and reacting it with a sec 
ondary amine in a' suitable solvent such as diethyl ether. 
When R5 is a protective group capable of being split off 
by betacleavage, the phosphoramide compound can be 
easily obtained by reacting a phosphorus halide typi?ed 
by phosphorus trichloride with an alcohol of the gen 
eral formula R5-OH, and then reacting the product 
with a secondary amine in a suitable solvent such as 
diethyl ether. 

In both cases, the phosphoramide compound may 
also be obtained by reacting a phosphorus halide with a 
secondary amine to form a bisaminomonohalogeno 
phosphine, and reacting it with an alcohol of the general 
formula R5——OH. 
The phosphoramidite compound of this invention 

may be produced in a customary manner except that the 
nucleoside and the phosphoramide compound repre 
sented by general formulae [II] and [III] are used as 
starting materials. 
For example, the desired phosphoramidite compound 

can be ef?ciently obtained by reacting 1 mole of the 
nucleoside [II] and l to 3 moles of the phosphoramide 
compound [III] at O to 40° C. for l to 5 hours in the 
presence of a solvent. 
The product may be isolated from the reaction mix 

ture and puri?ed by known means such as adsorptive 
chromatography, ion-exchange chromatography, parti 
tion by orgnanic solvents, and crystallization from or 
ganic solvents which are properly selected and com 
bined. 
The protective groups for the hydroxyl group of the 

phosphoric acid moiety and the amino or imino group 
of the nucleoside base in the resulting phosphoramidite 
compound of the invention may be rapidly eliminated 
under mild conditions. For example, by using the phos 
phoramidite compound in a given reaction, then oxidiz 
ing the phosphite moiety to a phosphate and thereafter 
treating the compound with a O-valent palladium com 
pound and a nucleophilic reagent typi?ed by amines or 
formic acid salts under neutral conditions, the protec 
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tive group in the nucleoside base moiety can be elimi 
nated at room temperature within a short period of 
time. 

Deprotection of the hydroxyl group differs depend 
ing upon the type of R5 in general formula [I]. If R5 is an 
allylic residue, it can be carried out in the same way as 
in the case of deprotecting the nucleoside base moiety. 
In this case, therefore, the nucleoside base moiety and 
the hydroxyl group moiety can be deprotected at the 
same time. If R5 is a protective group capable of being 
split off by beta-cleavage, the deprotection can be easily 
carried out by treating the compound with aqueous 
ammonia at room temperature for 0.1 to 5 hours. In the 
case of solid-phase synthesis using a carrier, cutting 
from the carrier can be simultaneously effected during 
the above treatment. 
The allylic residue, the protective group capable of 

being split off by beta-cleavage and the allyloxycarbo 
nyl residue exist very stably under general conditions 
for a deprotecting reaction of the hydroxyl group of a 
saccharide portion (for example, deprotection of the 
5'-hydroxyl group with trichloroacetic acid or depro 
tection of the 3’-hydroxyl group with tetra-n-butyl am 
monium fluoride). The allylic residue exists very stably 
under the ammonia treating conditions frequently used 
for removal of the carrier. 
The following examples illustrate the present inven 

tion more speci?cally. 

REFERENTIAL EXAMPLE 1 

Dimethylamine (156 millimoles) was dissolved in 80 
ml of diethyl ether, and then 34.7 millimoles of allylox 
ydichlorophosphine was added. The mixture was 
stirred at room temperature for 12 hours. After the 
reaction, the resulting dimethylammonium chloride was 
filtered, and the ether solution was distilled to give 
allyloxybis(N,N-dimethylamino)phosphine as an oil in a 
yield of 76 mole%. The product showed the following 
properties. 

(1) Boiling point: 93—94° C. (48 mmHg) 

4.l5(ddt,1:11.0, 4.8, 1.5Hz, 2H, C:CCH2), 
5.08(ddd, 1:101, 2.0, 1.5Hz, 1H, 
cis C§=CHCH2), 5.34(ddd, 1:151, 2.0 
1.5Hz, 1H, trans CHZCHCHZ), 
5.90(ddt, 1:15 1, 10.1, 4.8Hz, 1H, 
CHziECI-Iz). 
138.36 

REFERENTIAL EXAMPLE 2 

Referential Example 1 was repeated except that diiso 
propylamine was used instead of dimethylamine. A1 
lyloxybis(N,N-diisopropylamino)phosphine was ob 
tained in a yield of 55 mole%. 

(l ) Boiling point: 130-133 °C/6 mmHg 

1.17(dd, .1278, 181-12, 24H, 4NCH(C_113)2), 
3.53(d.sept, 1210.8, 7.8Hz, 4H, 4NCE), 
4.10(ddt, 1:10, 5, 2H2, 2H, C:CCH2), 

trans CEiI-ICH ), 5.93 (ddt, 1:18, 10, 5H2, 
1H, CHZICECHZ). 

123.58 

,,.. 0 
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30 
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55 
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REFERENTIAL EXAMPLE 3 

A 50 ml ?ask was charged with 4.77 millimoles of 
deoxyadenosine '(compound 1) whose 5'-hydroxyl 
group and 3"hydroxyl group were protected with a 
monomethoxytrityl group and a t-butyldimethylsilyl 
group, respectively. The inside of the ?ask was filled 
with an argon atmosphere, and the compound was dis 
solved in 50 ml of dry tetrahydrofuran. Then, t-butylli 
thium was added in an amount of 2 equivalents per 
equivalent of compound 1, and the mixture was stirred 
at —78° C. for 5 minutes. A solution of 1 equivalent, per 
equivalent of compound 1, of allyl(l-benzotriazoyl)car 
bonate in 50 ml tetrahydrofuran was added dropwise at 
room temperature over 25 minutes, and the reaction 
was carried out for 5 minutes. After the reaction, the 
solvent was evaporated, and the residue was dissolved 
in ethyl acetate and washed successively with water and 
a saturated aqueous solution of sodium chloride. The 
organic layer was then dried over magnesium sulfate, 
and the concentrated residue was chromatographed 
(silica 100 g, hexane/ethyl acetate=2/l) to give 5’-o 
monomethoxytrity1-3’-o-t-butyldimethylsilyl-N-allylox 
ycarbonyldeoxyadenosine (compound 2) with the pro 
tection of the amino group of compound 1 with an 
allyloxycarbonyl group. The yield of the isolated com 
pound 2 was 82%. 
The compound 2 had the following properties. 
(1) Analysis 
Calculated: C=66.54, H2658, N:9.70; 
Found: C:66.75, H2659, N:9.51. 
(2) UV(CH3OH) 
216.6 nmkmu), 234.0 nm (3) H‘—NMR(CDC13) 
0.01, 0.04(each s. 6H 2Si<), 0.86 (s, 9H 
Si+), 2.41(ddd, 1H(2’), 124.2, 6.0, 13.2Hz), 
2.79(ddd, 1H(2'), J=6.0, 6.0, 13.2Hz), 3.34 
(dd, 2H(5'), 1:3.0, 4.21-12), 3.78 (s, 3H, 
OCH3), 4.0-4.13(m, 1H(4’)) 4.45-4.65 
(m, 11-I(3’)), 4.70 (d, 2H(al1y1), J:5.7Hz), 
5.13-5.45 (m, 2H 

H 

( Mm). 
5.95 (tdd, 

1m M ). 
H 

5.7, 10.2, 17.1Hz), 6.38 (dd, 
1H(1’), J:6.0, 6.0Hz), 6.68(s, 1H(Ar)), 
6.78(s, 1H(Ar)), 7.03—7.41(rn, 12H(Ar)), 
8.08(s, 1H), 8.63(s, 11-1). ' 
Then, 0.191 millimole of compound 2 was dissolved 

in 3 ml of tetrahydrofuran, and 0.96 millimole of tetra-n 
60 butyl ammonium ?uoride in the form of a solution in 

65 

tetrahydrofuran was added dropwise. The mixture was 
then stirred for 20 minutes at room temperature. The 
solvent was evaporated, and the residue was worked up 
by the same operation as above except that 10 g of silica 
gel and a 15:1 mixture of chloroform and methanol 
were used in the chromatography. There was obtained 
5'-mono-methoxytrityl-N-allyloxycarbony1-2'-deox 
yadenosine (compound 3) in a yield of 97%. 
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Compound 3 had the following properties. 
(1) UV(CH3CH) 
267.2 nm Amax), 233.2 nm 
(2) lH NMR(CDC13) 
2.42(d, 1H(OH), J=4.5Hz), 2.47(ddd, lH(2'), 
J:4.5, 6.6, 13.2Hz), 2.87(ddd, 1H(2'), 
J::6.6, 6.6, 13.2Hz), 3.41(d, 2H(5’), J=4.8 
Hz), 3.78(s, 3H, (OCH3)), 4.15(c1t, 1H(4'), 
J=4.2, 4.2Hz), 4.6-4.77(m, 1H(3’)), 4.76 
(tdd, 2H(allyl), J=1.8, 1.8, 5.7Hz), 
5.17-5.52 

H 

( MB». 
6.01 (tdd 

urn/Y) 
.1257, 9.6, 16.5Hz), 6.46 (dd, 

lH(l'), 6.6HZ), 6.74(S, 1H(Ar)), 6.84(s, 
lH(Ar)), 7.l5-7.48(1'n, 12H(Ar)), 8.l0(s, 1H), 
8.47(s, 1H(amid6)), 3.68(s, 1H). 

REFERENTIAL EXAMPLE 4 

1.5 Millimoles of 5'—o-monomethoxytritylthymidine 
and 1.56 millimoles of l-H-tetrazole were dissolved in 
12 ml of a 1:1 mixed solvent of tetrahydrofuran and 
acetonitrile, and 2.25 millimoles of allyloxybis(N,N 
dimethy1amino)phosphine was added at 0° C. The mix 
ture was then stirred at 25° C. for 1.5 hours. 
The reaction mixture was diluted with ethyl acetate 

which had been washed with a saturated aqueous solu 
tion of sodium bicarbonate. The diluted mixture was 
washed with a saturated aqueous solution of sodium 
chloride, and the organic layer was dried over magne 
sium sulfate and concentrated. The residue was dis 
solved in a 3:1 mixed solvent of toluene and hexane, and 
the solution was added to hexane with vigorous stirring 
at -78° C. to form a white precipitate. The precipitate 
was separated by ?ltration. Its yield was 71%. Analysis 
of the precipitate led to the determination that it was a 
phosphoramidite (compound 4) shown in Table I hav 
ing the following properties. 

1.55(brs, 3H, C(5)CH ), 2.1-2.6(m, 8H, 
2NCH3, 2H2’), 3.3-3.6(rn, 5H, 2H5'5, OCH3), 
4.1-4.4(m, 3H, H4’, 3.3-3.6 (m, 3H, 
CH2:CCH3’), 5.6-6.0(m, 1H, C:CHC), 6.53 
(t-like, J:6Hz, 1H, H1’), 6.7-6.9, 7.0—7.7 
(m, 15, Aromatic H, C(5)H), 10.5(two s, 1H, 

(2) IR(KBr) 
3440, 3180, 1720, 1700, 1610, 1470, 1260 cm-1. 
(3) UV(CH3CN) ' 
)tmaxX2653 nm(e=1.11><104) 
233.9 (e=1.56><l04) 
(4) Analysis 

Found: C=65.42, H=6.20, N=6.45. 

REFERENTIAL EXAMPLE 5 

Three millimoles of 5'-o-monomethoxytritylthymi 
dine and 3.1 millimoles of l-H-tetrazole were dissolved 

20 

55 

8 
in 20 milliliters of a 1:1 mixed solvent of tetrahydrofu 
ran and acetonitrile, and then 4.5 millimoles of allylox 
ybis(N,N-diisopropylamino)phosphine was added at 0°. 
The mixture was stirred at 25° C. for 1.5 hours. Thereaf 
ter, the reaction mixture was mixed with an equal 
amount mixture of ethyl acetate and a saturated aqueous 
solution of sodium chloride. The organic layer was 
separated, washed with a saturated aqueous solution of 
sodium chloride, dried over magnesium sulfate and then 
concentrated. The residue was dissolved in toluene, and 
the solution was added to hexane with stirring at —78° 
C. to form a precipitate. The precipitate was separated 
by ?ltration. Its yield was 76%. Analysis of the precipi 
tate led to the determination that it was a phosphorami 
dite (compound 5) shown in Table 1 having the follow 
ing properties. . 

(1) lNMR(C6D6) 

1.57, 1.60(brs, 3H, C(5)CH ), 2.1-2.7(m, 2H, 

OCH3), 4.1(m, 1H, H4’), 4.38(m, 2H, CICCHZ), 
5.03(rn, 1H, cis c§=cHcH2), .10(m, 1H, H3’), 5.30(m, 
1H, trans CHzCHCHg), 5.77 (m,1H, CzGHCHg), 
6.50(t-like, J:6Hz, 1H, H1’), 6.73-6.9, 7.0—7.7(m, 15H, 
Aromatic H, C(5)H), 10.4(brs, 1H, N(3)H). 

(2) IR(KBr) 3420, 3180, 1720, 1690, 1600, 1450, 1250 ‘ 
cm-l. 

(3) UV(CH3CN) Max:264] nm (A=1.2O><1O4) 
233.3 nm(A= 1.64X 104) 

(4) analysis 
Calculated for C39H43N3O7P: 

Found: C=66, H=6.87, N=5.96. 

EXAMPLE 1 

0.2 Millimole of the 5’-o-monomethyoxytrityl-N 
allyloxycarbonyl-2'-deoxyadenosine (coumpound 3) 
obtained in Referential Example 3 and 0.21 millimole of 
l-H-tetrazole were dissolved in 2 ml of acetonitrile, and 
then 0.3 millimole of allyloxybis(morpholino)phosphine 
synthesized in accordance with Referential Example 1 
was added. The mixture was stirred at 25° C. for 1.5 
hours. 
The reaction mixture was then diluted with 30 ml of 

ethyl acetate and then mixed with 15 ml of a 0.1 M 
potassium dihydrogen phosphate-sodium hydroxide 
buffer (pH 7.0). The organic layer was separated, 
washed with the same buffer, dried over magnesium 
sulfate and then concentrated. The residue ws chro 
matographed on a silica gel column (methanol: 
chloroform=1:50) to give a phosphoramidite (com 
pound 6) shown in Table 1 in a yield of 83%. 

(l) 1H NMR(CDC13) 
2.5-3.2(m, 6H, 2H2’, 2 PNCHZ), 3.25-3.85 
(m, 9H, 2H5’, 2 PNCCHO, OCH3), 4.2-4.7 (m, 
3H, allylic CH2, H’), 4.74(d, 2H, J =6.7Hz, AO 

C—CH2), 5.1-5.7(m, 5H, 2C:CH , H3’), 5.85-6.2(m, 
2H, 2 CCH=C), 6.47(dd, J:6, 7H2, 1H 6.7—6.93, 
7.15-7.55(m, 14H, aromatic H1’), 8.07(s, 1H, H2), 
8.60(brs, 1H, NHCO), 8.64(s, 1H H3). 

(2) IR(CHC13) 3425, 3050, 1770, 1620, 1610, 1520, 
1480, 1260 cm‘1 
(3) UV(CH3CN) 
Xmax=266.5, 236.9, 223.5 nm 
(4) Analysis 
Calculated for C41H45N6OgP: 
C=63.06, H=5.82, N: 10.76; 
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Found: C=62.91, H=6.03, N=10.95. 

EXAMPLE 2 

1.5 Millimoles of 5’-o-monomethoxytrityl-N-allylox 
ycarbonyl-Z'-deoxyguanosine and 1.56 millimoles of 5 
l-H-tetrazole were dissolved in 12 ml of a 1:1 mixed 
solvent of tetrahydrofuran and acetonitrile, and then 
2.25 millimoles of allyloxybis(N,N-dimethylamino) 
phosphine was added at 0° C. The mixture was then 
stirred at 25° C. for 1.5, hours. 
The reaction mixture was diluted with ethyl acetate 

which had been washed with a saturated aqueous solu 
tion of sodium bicarbonate. The diluted mixture was 
washed with a saturated aqueous solution of sodium 
chloride. The organic layer was dried over magnesium 
sulfate and concentrated. Then, the residue was dis 
solved in a 3:1 mixed solvent of toluene and hexane, and 
the solution was added to hexane with vigorous stirring 
at —78° C. to form a white precipitate. The precipitate 
was separated by ?ltration. Its yield was 71%. Analysis 
of the precipitate led to the determination that it was a 
phosphoramite (compound 7) shown in Table 1 having 
the following properties. 

2.l-2.6(m, 8H, 2 NCH , 2H; '2), 3.3-3.7(m, 5H, 
2 OCH ), 4.1-4.8(m, 5H, H4'4, 2C:CCH2), 
5.6-6.0(m, 2H, 
4.95-5.4(m, 5H, 2CH =C, H3 
2C=CHC), 6.25(t-like, J=6Hz, 1H1’), 6.7-6.9, 

7.0-7.7(m, l5, Aromatic H, C(8)H), 9.5—ll.5(brs, 2H, 
N(1)H, NHCO). 

(2) Analysis 
Calculated for C39H43N6O3P: 

Found: C=62.28, H=5.81, N=11.10. 

EXAMPLE 3 

Three millimoles 
allyloxycarbonyl-2'deoxycytidine prepared in accor 

20 

25 

35 

of 5’-o-monomethoxytn'tyl-N- ' 

dance with Referential Example 3 and 3.1 millimoles of 40 
l-H-tetrazole were dissolved in 20 ml of a 1:1 mixed 
solvent of tetrahydrofuran and acetonitrile, and then 4.5 
millimoles of al1yloxybis(N,N-diisopropylamino)phos 
phine was added at 0° C. The mixture was then stirred 
at 25° C. for 1.5 hours. The mixture was then mixed 
with an equal amount mixture of ethyl acetate and a 
saturated aqueous solution of sodium chloride. The 
organic layer was separated, washed with a saturated 
aqueous solution of sodium chloride, dried over magne 
sium sulfate, and concentrated.- The residue was dis» 
solved in toluene, and the solution was added to hexane 
with stirring at —78° C. to form a precipitate. The 
precipitate was separated by ?ltration. Its yield was 
76%. Analysis of the precipitate led to the determina 
non that it was a phosphoramidite (compound 8) shown 
in Table 1 having the following properties. 

1.10(dd, J=8, 2H2, 12H, 2 NCH(CH3)2), 2.1-2.7 
(m, 2H 2', 3.15(m, 2H, 2 NCH), 3.4(m, 
5H, 25’, OCHg), 4.1-4.8(m, 5H, H4’, 2=CCH2), 

4.95-5.4(m, 5H, 2CH2=C, H3’), 
5.77(m, 2H, 2C=CHCH ), 6.30(t-like, J =6Hz, 
1H, H1’), 673-69, 7.0-8.3(rn, 16H, 
aromatic H, C(5)H, C(6)H), 7.8(brs, 1H, 
NHCO). 
(2) Analysis 
Calculated for C42H51N4O3P; 
C=65.44, H=6.67, N=7.27; 

45 
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Found C=65.35, H=6.73, N=7.29. 

TABLE 1 

NMTrO O BAOC 
1 

(I) H 
AO-P-X 

Compound Substituents 
No. A x BAOC 

4 allyl dimethylamino thymine base 
5 allyl diisopropylamino thymine base 
6 allyl morpholino adenine base protected 

with allyloxycarbonyl 
7 allyl dimethylamino guanine base protected 

with allyloxycarbonyl 
8 allyl diisopropylamino cytosine base protected 

with allyloxycarbonyl 

REFERENCE EXAMPLE 6 

Synthesis of a dimer 

3.12 Millimoles of compound 4 obtained in Referen 
tial Example 4 was dissolved in 15 ml of a 1:2 mixed 
solvent of tetrahydrofuran and acetonitrile, and then 
2.86 millimoles of 3'-o-t-butyldimethylsilyl~thymidine 
and 3.42 millimoles of l-H-tetrazole were added. The 
mixture was stirred at 20° C. for 2 hours 
The reaction mixture was cooled to —78° C., and a 

dichloromethane solution of 4.86 millimoles of nitrogen 
dioxide was added. The oxidation was carried out for 30 
minutes, and then the 30 ml of an aqueous solution of 0.5 
mole of sodium sul?te was added. The temperature was 
returned to room temperarture, and chloroform and a 
saturated aqueous solution of sodium chloride were 
added. The aqueous layer was separated, extracted with 
chloroform, dried and then chromatographed on a silica 
gel column (silica gel 120 g; methanol:chloroform=1: 
30-120) to give allyl-5')-o-monomethoxytritylthymidi 
lyl-(3’43 5‘)-dimethylsilylthymide (compound 9) in a 
yield of 86%. The resulting substance had the following 
properties. 

(1) Rf(SiO2, methanol/ethyl acetate/hexane 
= 1:50:25) 
0.38 

(2) 1H NMR(CDC13) 
0.09(s, 6H, 2 SiCH3), 0.89(s, 9H, SiC(CH3)3), 
1.41, 1.90 (each s, 6H, 2 5—CH3), 2.l—2.8(m, 
4H, 4H2’2), 3.44(m, 2H, 2 ), 3.79(s, 3H, 

5.65-6.08(m, 1H, CH=CH2), 6.1-6.4(m, 2H, 
21-11’), 6.8, 7.15-7.5(m, 14H, Ar-H), 
7.67 (brs, 2H, 6-H), 9.48(brs, 2H, 2NH) 
(3) IR(CHC13) 3350, 2900, 1700, 1680, 1595, 1250 

cm“1 
(4) UV(CH30H) 
kmax=266 nm 
(5) Analysis 
Calculated for C49H61N4O13PSi: 
C=60.47, H=6.33, N=5.-75; ' 
Found: C=60.65, H=6.08, N=5.71. 
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REFERENTIAL EXAMPLE 7 

Deprotection of the dimer 

Compound 9 (0.084 millimole) and 0.0252 millimole 
of triphenylphosphine were dissolved in l ml of tetrahy 
drofuran in an argon atmosphere, and then 0.0042 milli 
mole of tetrakis(triphenylphosphine) palladium (0) dis 
solved in 1 m1 of tetrahydrofuran was added. The mix 
ture was stirred at room temperature for 5 minutes. 
Then, 36 microliters of n-butylamine was added, and 
the mixture was stirred for 20 minutes. The solvent was 
evaporated, and the residue was chromatographed 
(ODS, waterzmethanol: 1:4) to give the corresponding 
dinucleoside phosphate (compound 10) with elimina 
tion of the allyl group in a yield of 80 mole%. 

Th 11. 

it 
MMTrO O-P —- o orns —) 

(l)/\// 
(compound 9) 

Th Th 

it’ 
MMTrO O- I|’—O OTBS 

OH 

(compound l0) 

MMTr = monomethoxytrityl group 
TSB=t-butyldimethylsilyl group 
Synthesis of a dimer 
Referential Example 6 was repeated except that com 

pound 6 was used instead of compound 4. There was 
obtained allyl-5'-o-monomethoxytrityldeoxyadenosilyl 
(3—>5')-3'-o-t-butyldimethylsilylthymidine thymidine 
(compound ll) in a yield of 85%. This substance had 
the following properties. 

(l) 1H NMR(CDC13) 
83(each s, 6H, Si(CH3)hd 2, 0.88(s, 9H, SiC(CHa)a), 

l.36(s, 3H, —CH3), 2.23-2.90 (m, 4110'», 3.32—3.50(m, 
2H), 3.77(s, 3H 
-—OCH3), 4.00—4.80(m, 

5.58-62 
8H), 5.03—5.54(m, 6H), 

6.33—6.57(m, 2H(l’)), 6-77(s, 1H, (Ar)), 6.87(s, 1H, 
(Ar)), 7.08-7.43(m, 12H, (Ar)), 7.48—7.57(b, 
1H), 8.20, 8.24(each s, 1H), 8.73(s, 1H). 
(2) Analysis 
Calculated: C=59.70, H=6.06, N=9.20; 
d C=59.85, H==6.0l, N=9.l4. 

REFERENTIAL EXAMPLE 9 

Deprotection on of the dimer 

Compound 11 (0.103 millimole) was dissolved in ml 
of tetrahydrofuran, and 0.406 millimole of n-butylamine 
and 0.434 millimole of formic acid were successively 
added dropwise. Then, a solution of 0.0104 millimole of 
tetrakis(triphenylphosphine) palladium (O) in 1.5 ml of 

. 12 

tetrahydrofuran was added, and the mixture was stirred 
at room temperature for 20 minutes. 

After the reaction, the solvent was evaporated, and 
ethyl acetate and water were added to the residue to 

5 se arate it’ into an or anic la er and an aqueous layer. P g y 
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The organic layer was washed with a saturated aqueous 
solution of sodium chloride, dried over magnesium 
sulfate, and concentrated. The residue was chromato 
graphed to give a dinucleoside phosphate (compound 
12) in a yield of 90 mole% with elimination of the allyl 
group in the phosphorus moiety and the allyloxycarbo 
nyl group in the base portion. 

AdAOC 

0 

(compound ll) 

(compound 12) 

AOC : allyloxycarbonyl group 

REFERENTIAL EXAMPLE 10 

Synthesis of a dimer: 

Compound 7 (3.12 millimoles) obtained in Example 2 
was dissolved in 15 ml of a 1:2 mixed solvent of tetrahy~ 
drofuran and acetonitrile, and then 2.86 millimoles of 
3’-o-t-butyldimethylsilyl-N-allyloxycarbonyl-2'deox 
'ycytidine and 3.42 millimoles of l-H-tetrazole were 
added. The mixture was stirred at 20° C. for 2 hours. 
The mixture was then cooled to —78° C., and a dichlo 
romethane solution of 4.86 millimoles of nitrogen diox 
ide was added. The oxidation was carried out for 30 
minutes, and then 30 ml of a 0.5 M aqueous solution of 
sodium sulfite was added. The temperature was re 
turned to room temperature, and then chloroform and a 
saturated aqueous solution of sodium chloride were 
added. The separated aqueous layer was extracted with 
chloroform. After drying, the extract was chromato 
graphed (silica gel 12 g; methanolzchloroform: l: 
30-lz20) to give allyl-5'-o-monomethyoxytrityl-N 
allyloxycarbonyl-2’-deoxyguanosyl monomethoxytri 
tyl-N-allyloxycarbonyl-2'-deoxyguanosyl (3’—>5')-o-t 
butyldimethylsilyl-N-allyloxycarbonyl-2'deoxycytidine 
(compound 13) in a yield of 86%. This substance had 
the following properties. 

(1) Rf(SiO2, methanol/ethyl acetate/hexane 
= 1:50:25) 
0.38 
(2) 1H NMR(CDCl3) 0.09(s, 6H, 2SiCH3), O.89(s, 9H, 

$iC(CH3)3), 

3.79(s, 3H, 3.95-4.7(m, 11H, 2H'4, 

5.65-6.08(m, 3H, 3CH=CH ), 6.1-6.4 
3=CH 2), 5.65-6.08(m, 3H, 3CH:CH2), 6.1-6.4 
(m, 2H, 2 , 6.8, 7.0-8.3(m, 17H Ar-H, 3H), 

7.8—ll.5(brs, 3H, NH, 2NHCO). 
(3) Analysis 
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Calculated fOl' C56H67N3015PSi: 
C=.58.42, H=5.87, N==9.73; 
Found: C=58.70, H=6.08, N=9.7l. 

REFERENTIAL EXAMPLE 1 1 

Deprotection of the dimer: 
Compound 13 (0.084 millimole) and 0.0252 milliCom 

pound mole of triphenylphosphine were dissolved in 1 
ml of tetrahydrofuran in an atmosphere of argon, and 
0.0042 millimole of tetrakis(triphenylphosphine) palla 
dium (O) was added. The mixture was stirred at room 
temperature for 5 minutes. Then, 36 microliters of n 
butylamine was added. The mixture was stirred for 20 
minutes, and the solvent was evaporated. The residue 
was chromatographed (ODS; waterzmethanol: 1:4) to 
give the corresponding dinucleoside phosphate (com 
pound 14) in a yield of 80 mole% with elimination of the 
allyl group and the allyloxycarbonyl group. 

GAOC CAOC 
0 
ll 

MMTrO\l-O—P— o ores -——> 
i M 

o c 

1? 
MMTrO o-r|>—o OTBS 

on 

0 

(compound 13) 

(compound 14) 

MMTR : monomethoxytrityl group 
. TBS = t-butyldimethylsilyl group 

REFERENTIAL EXAMPLE l2 

Diisopropylamine (156 millimoles) was dissolved in 
80 ml of diethyl ether, and then 34.7 millimoles of beta 
cyanoethoxydichlorophosphine was added. The mix 
ture was stirred at room temperature for 12 hours. After 
the reaction, the resulting diisopropyl ammonium chlo‘ 
ride was separated by ?ltration. The ether solution was 
distilled to give beta-cyanoethoxymonochloro(N,N 
diisopropylamino) phosphine as an oil. The yield was 73 
mole%,'and the product had a boiling point of 102 to 
104° C. (0.08 mmHg). 
The above beta-cyanoethoxydichlorophosphine was 

prepared by reacting one equivalent . of phosphorus 
trichloride and one equivalent of beta-cyanoethanol in 
an organic solvent at —5° C. for 3 hours, distilling the 
reaction product under reduced pressure, and collecting 
distillates boiling at 110—l12° C./9 mmHg. 

EXAMPLE 4 

1.5 Millimoles of 5’-o-dimethoxytrityl-N-allylox 
ydeoxycytidine (compound 15) obtained by reacting 
5’-o~dimethoxytrityl-2'-deoxycytidine with allyl(1-ben 
zotriazolyl)carbonate, and 1.56 millimoles of l-H-tet 
razole were dissolved in 12 ml of a 1:1 mixed solvent of 
tetrahydrofuran and acetonitrile, and then 2.25 milli 
moles of beta-cyanoethoxymonochloro(N,N-diiso 
propylamino)phosphine was addedat 0° C. The mixture 
was stirred at 25° C. for 1.5 hours. The reaction mixture 
was diluted with ethyl acetate which had been washed 
with a saturated aqueous solution of sodium bicarbon 
ate. The diluted mixture was washed with a saturated 
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14 
aqueous solution of sodium chloride, and the resulting 
organic layer was dried over magnesium sulfate and 
concentrated. The residue was dissolved in a 3:1 mixed 
solvent of toluene and hexane, and with vigorous stir 
ring at —78° C., the solution was added to hexane to 
form a precipitate. The precipitate was separated by 
?ltration. Its yield was 65%. Analysis of the precipitate 
led to the determination that it was a phosphoramidite 
(compound 16) of the following formula having the 
following properties. 

CAOC 

OCHQCHZCN 
(compound 16) 

AOC=allyloxycarbonyl group 
DMTr=dimethoxytrityl group 

(1) Analysis 
Calculated for C43H52O9N5P: 
C=63.5, H=6.40, N=8.6l; 
Found: C=63.3, H=6.46, N=8.57. 
(2) 1H-NMR(CDC13) 
4.04, 4.42(P—OCI-l2), 3.81(N(CH)), 
2.79(—CH2CN), l.30(—NC(CH3)2), 2.06-2.35 
(1H(2'), 2.55(1H(2')), 3.30(1H(5’)), 
3.55(1H(5’)), 3.84(6H(20CH3)), 3.90-4.10 
(1H(4')), 4.45(1H(3’)), 4.46(2H(allyl)), 

6.22(1H(1')), 6.50-7.45(14H(A), 8.37(1H). 
EXAMPLE 5 

0.2 Millimole of 5'-o-dimethoxytrityl-N-allyl'oxycar 
bonyl-2’-deoxyadenosine (compound 17) and 0.21 milli 
mole of l-H-tetrazole were dissolved in 2 ml of acetoni~ 
trile, and then 0.3 millimole of beta-cyanoethoxymono 
chloro(diisopropylamino)phosphine mixture was 
stirred at 25° C. for 1.5 hours. The reaction mixture was 
then worked up in the same way as in Example 4 to give 
a phosphoramidite (compound 18) of the following 
formula and properties in a yield of 62%. 

AAOC 

OCHZCHZCN 
(compound 18) 

(1) Analysis 
Calculated for C44H55OgN7P; 
C=63.1, H=6.21, N=11.7; 
Found: C=63.0, H=6.29, N=11.0. 
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n 

s.2o_5.50(2H/\/<H)), sown/y», 
6.49(H(1’),, 
6.55—7.4l(l4H(Ar)), 8.37(1H), 8.47(1H (amide)), 

8.68(1H). 

REFERENTIAL EXAMPLE 13 

Synthesis of a dimer: 
Compound 16 (3.12 millimoles) obtained in Example 

4 was dissolved in 15 ml of a 1:2 mixed solvent of tetra 

hydrofuran and acetonitrile, and then 2.86 millimoles of 
3'-o-t-butyldimethylsilylthymidine and 3.42 millimoles 
of l-H-tetrazole were added. The mixture was stirred at 

. 20° C. for 2 hours. The reaction mixture was cooled to 

—78° C. and then oxidized for 30 minutes by adding 
4.86 millimoles of nitrogen dioxide as a dichlorometh 
ane solution. Then, 30 ml of a 0.5 M aqueous solution of 
sodium sul?te was added. Chloroform and a saturated 
aqueous solution of sodium chloride were added. The 
aqueous layer that separated was extracted with chloro 
form. The extract was dried, and then chromato 

graphed (silica gel 120 g; methanolzchloroform: l: 
30-lz20) to give beta-cyanoethyl-S’-o-dimethoxytrityl 
cytidilyl-(3'5’)-3’-o-t-butyldimethylsilylthymidine 
(compound 19) in a yield of 80%. The substance had the 
following properties. 

OCl-11CH2CN 
(compound 19) 

TBS = t~butyldimethylsilyl group 

Analysis 
Calculated for C53H65015N6SiP: 
C=58.6'7, H=6.00, N=7.75; 
Found: C=58.49, H=6.02, N=7.88. 

REFERENTIAL EXAMPLE l4 

Deprotecion of the dimer: 
Compound 19 (0.084 millimole) and 0.0252 millimole 

of triphenylphosphine were dissolved in 1 ml of tetrahy 
drofuran in an atmosphere of argon, and 0.0042 milli 
mole of tetrakis(triphenylphosphine)palladium (0) was 
added. The mixure was stirred at room temperature for 
5 minutes. Then, 36 microliters of n-butylamine was 
added. The mixture was stirredlfor 20 minutes. The 
solvent was evaporated, and the residue was reacted 
with aqueous ammonia for 20 minutes at room tempera 
ture. Ammonia was then evaporated, adn the residue 

was chromatographed (ODS; watenmethanol: 1:4) to 
give the corresponding dinucleoside phosphate (com 
pound 20) in a yield of 77 mole% with elimination of the 
allyloxycarbonyl and the cyanoethyl group. 
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(compound 20) 

Analysis 
Calculated for C46H5gO13N5SiP: 
C=58.29, H=6.l2, N=7.39; 
Found: C=58.33, H=6.06, N=7.5l. 

REFERENTIAL EXAMPLE l5 

Thirty milligrams of 5'-o-dimethoxytritylthymidine 
(compound 21) bonded to CPG (controlled pore glass) 
through an ester linkage was put in a glass reactor, and 
a dichloromethane solution of trichloroacetic acid was 
added to deprotect the 5'-hydroxyl group. The product 
was washed with acetonitrile. Then, a solution of 0.03 
millimole of the phosporamidite (compound l6) in 
which the amino group of the cytidine base was pro 
tected with an allyloxycarbonyl group and 0.04 milli 
mole of l-H-tetrazole in a mixed solvent of acetonitrile 
and tetrahydrofuran was added, and reacted at room 
temperature for 2 minutes. The reaction mixture was 
washed with acetonitrile, and 1.2 ml of an iodine solu 
tion (composed 11.6 g of iodine, 18 ml of water, 180 ml 
of lutidine and 720 ml of tetrahydrofuran) was added. 
The reaction was carried out for 25 seconds to give a 
CT dimer (compound 22) supported on a carrier. The 
yield was 80% (determined by color formation incident 
to the liberation of the 5’-dimethoxytrityl group. 
The compound was identified by the following pro 

cedure. 
The carrier containing the compound 22 was washed 

with acetonitrile and then acetic anhydride was added 
to cap the unreacted 5’-hydroxyl group. The product 
was washed with acetonitrile. Then, a solution of 0.095 
millimole of triphenylphosphine, 0.6 millimole of n 
butylamine, 0.6 millimole of formic acid and 0.0l5 milli 
mole of tetrakis(tri phenylphosphine) palladium (0) in 
tetra hydrofuran was added, and the mixture was re 
acted at room temperature for 10 minutes to deprotect 
the allyloxycarbonyl group in the base moiety. 
The product was washed with tetrahydrofuran and 

dichloromethane, and the dimethoxytrityl group at the 
5’-hydroxyl group was eliminated by trichloroacetic 
acid to give a compound 23. Then, a 30% aqueous 
solution of ammonia was added, and the mixture left to 
stand at room temperature for 30 minutes to remove the 
carrier and the beta-cyanoethyl group in the phosphoric 
acid moiety to give a dimer of OT (compound 24). 
Ammonia was evaporated, and the residue was dis 

solved in 200 microliters of water. Then, 5 microliters 
of the aqueous solution was sampled. One microliter of 
['y-32P]ATP (PB-170, a product of Amersham Co.) was 
added, and the mixture was dried. The dried product 
was kinated (phosphorized) by adding 2 microliters of a 
kinase buffer (X25), 1 microliter of T4 nucleotide ki 
nase (2.5 U/microliter, a product of Takara Shuzo Co., 
Ltd.) and 2 microliters of water. The product was de 
veloped on TLC (Polygram, CELL300 KDEAE/HR 
2/ l5, a product of MackereyNagel Co.,) with RNA 
homomixture to obtain a one dimensional autoradio 
graph which showed that there was a single spot. The 
position of one spot was extracted from TLC, and di 
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gested with venomphosphodilesterase and nuclease Pl. 
The digestion product was developed by electrophore 
sis using DEAE-cellulose paper, transferred to TLC, 
and two-dimensionally developed with a homomixture. 
After the two-dimensional development, the TLC was 
autoradigraphed, and it was determined from the posi 
tion of the spot that a CT dimer with elimination of the 
protective group was formed. 

CAOC 

DMTYO (compound 16) 

(compound 21) 

CAOC 
0 

Th 

0—C-@ -——> 
OCHZCHZCN 

(compound 22) 

18 
in which the amino or imino group is protected with an 
allyloxycarbonyl residue, with the proviso that only 
one of R1, R2 and R3 represents the group ~—OR4. 

2. The compound of cliam 1 wherein R1 is a hyrdoxyl 
group having a protective group, and R2 is the group 
—OR4. 

3. The compound of claim 1 wherein R3 is a hydrogen 
atom. 

C Th C Th 

(ll t? i’ 
no O-li-O o—c@ -—-9Ho 0-‘ 0 on 

OCHZCHZCN 
(compound 23) 

What is claimed is: 
1. A phosphoramidite commpound of the general 

formula 

R1 BA OC in 

R2 R3 

wherein each of R1 and R2, represents a hydroxyl group 
having an hydroxyl protective group or the group 
—OR4, R3 represents a hydrogen atom, a hydroxyl 
group having an hydroxyl protective group, or the 
group —OR4 wherein the protective group for the hy 
droxyl group in R1, R2 and in R3 when R3 is a hydroxyl 
group having a protective group, is independently se 
lected from the group consisting of trityl, monomethox 
ytrityl, dimethoxytrityl, trimethylsilyl, triethylsily, tri 
phenylsilyl, t-butyldimetylsilyl, tetrahydropyranyl, 4 
methoxyhydrofuran'yl, benzoyl, tetrahydrofuranyl, me 
thoxymethyl, methoxyethoxymethyl, phenoxymethyl, 
methylthiomethyl and phenylthiomethyl, R4 represents 
the group ' 

X represents a secondary amino group, R5 represents an 
allylic residue having not more than 10 carbon atoms 
and which does not essentially impede the deprotecting 
reaction, and B140C represents a nucleoside base residue 
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(compound 24) 

4. The compound of claim 1 wherein X is a secondary 
amino group having not more than 10 carbon atoms. 

5. The compound of claim 1 wherein AOC is an 
allyloxycarbonyl residue having not more than 12 car 
bon atoms. 

6. The compound of claim 1 wherein the nucleoside is 
adenosine, guanosine, cytidine or isosine. 

7. A phosphoramidite compound of the general for 
mula 

BAOC in 

R2 R3 

wherein each of R1 and R2, represents a hydroxyl group 
having an hydroxyl protective group, or the group 
—OR4, R3 represents a hydrogen atom, a hydroxyl 
group having an hydroxyl protective group, or the 
group —OR4 wherein the protective group for the hy 
droxyl group in R1, R2 and in R3 when R3 is a hydroxyl 
group having a protective group, is independently se 
lected from the group consisting of trityl, monomethox 
ytrityl, dimethoxytrityl, trimethylsily, triethylsilyl, tri 
phenylsilyl, t-butyldimethylsilyl, tetrahydropyranyl, 
4-methoxyhydrofuranyl, benzoyl, benzyl, tetrahydro 
furanyl, methoxymethyl, methoxyethoxymethyl, phen 
oxyrnethyl, methylthiomethyl and phenylthiomethyl, 
R4 represents the group, 
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X represetns a secondary amino group, R5 is a group 
represented by the general formula 

AA 
l I 

biz-l: 
H A 

wherein A represents a hydrogen atom or a lower alkyl 
group selected from the group consisting of ethyl and 
methyl groups, and Z represents an electron attracting 
residue selected from the group consisting of a cyano 
group, nitro group, thiocyano group, ?uoro group, 
chloro group, bromo group, phenylsulfonyl group, 
methylsulfonyl group and a phenyl group, wherein the 
phenyl group may have a substituent at its ortho and/or 
para position selected from the group consisting of 
halogen, cyano and nitro groups and BAOC represents a 
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nucleoside base residue in which the amino or imino 
group is protected with an allylaoxycarbonyl residue, 
with the proviso that only one of R1, R2 and R3 repre 
sents the group —OR4. 

8. The compound of claim 7 wherein R1 is a hydroxyl 
group having a protective group and R2 is the group 
——OR"’. 

9. The compound of claim 7 wherein R3 is a hydrogen 
atom. 

10. The compound of claim 7 wherein X is a second 
ary amino group having not more than 10 carbon atoms. 

11. The compound of claim 7 wherein Z is a cyano 
group. 

12. The compound of claim 7. wherein AOC is an 
allyloxycarbonyl residue having not more than 12 car 
bon atoms. 

13. The compound of claim 7 wherein the nucleoside 
is adenosine, guanosine, cytidine or inosine. 

14. The compound of claim 1 wherein the allylic 
residue is selectd from the group consisting of allyl, 
methallyl, crotyl, phenyl, geranyl, cinnamyl and p 
chlorocinnamyl. 
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